CLAIMS 


What is claimed is: 

1 An optical circulator comprising: 
a first port; 

a second port opposite to the first port; 
a third port adjacent to the first port; 

a first b.refnngen, materia, opucally coupled to the firs, port and the third port, .he 
fir, birefrmgen, ma.ena, having a longi.udinal axis, a .ransverse d.rection perpendicular .0 
the ,„ng,.ud,na, axis, a f.rs, displacement direction and a firs, length, .he first displacemen, 
direction being at a first oblique angle from the transverse direction; 

a firs, rotator pair, the firs, birefringen. material being be.ween firs, rotator pair and 

the first port; 

a second birefringen, material, the fir, rotator pair being beween the firs, 
birefringen, ma.ena, and the second birefringen, materia,, the second birefringen. material 
having the longitudma, axis and a second disp.acemen. dnecuon, the second displacement 
direction being perpendicular to me longitudinal axis, 

a second rotator par, the second birefringen, material being be,ween .he firs, ro.a.o, 

pair and the second rotator pair; and 

a third birefringen, ma.erial, the third birefringen, material having ,he longi.udinal 
axis, .he .ransverse d.tec.ion perpendicular .0 .he l„ng,.ud,na. ax,s, a ,h,rd d.splacemen. 
d,ree,ion and a second lenglh, ,he third displacement direction being a, a second oblique 

angle from the transverse direction; 
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wherein a firs, optical path i established from the firs, port to the second port, and a 
second opnca, path is estabHshed front the second port to the third port such that when an 
opuca. s.gnal ,s ,npu, a, the firstpor. the opticai signal trave.s aion g the firs, optical path ,o 
,he second port and when the optical signal is input to the second port the optical signal 
travels along the second optical path to the third port. 

2. The optical circulator of claim 1 further comprising: 

a polarization beam deflector for altering a direction of the firs, optica, path and the 
second optical path, the polarization beam deflector being located between the firs, rotator 
pair and the second birefringent material. 

3. The optical circulator of claim 1 wherein the first rotator pair includes a firs, 
r „,a,„r and a second rotator, the first rotator rotattng a polarization of an optical signal in a 
firs, direction, ,he second rotator rotating the polarization of the optical stgnal in a second 
direction opposite to the first direction; and 

wherem ,he second rotator pair includes a thtrd rotator and a fourth rotator, the third 
rotator rotating the polarization of the optical signal in the second dtrectton, the fourth 
rotator rotating the polarization of the optical signal in the firs, direction. 

4. The optical circulator of claim 1 wherein the firs, rotator further includes a 
firs, latching ,ype game, component the second ro,a,or includes a second la.ching ,yoe 
game, component, the third rotator further includes a third latching type game, component 
and tire fourth rotator includes a fourth la,ching ,ype game, component, the firs, la.ching 
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type garnet component rotating the polarization of the optical signal by 45" in the first 
direction, the second latching type garnet component rotating the polarization of the optical 
signal by 45" in the second direction, the third latching type garnet component rotating the 
P olanzat,on of the optical signal by 45" in the second direction, the fourth latching type 
garnet component rotating the polarization of the optical signal by 45" in the first direction. 

5. The optical circulator of claim 1 wherein the first and second oblique angles 
are each 45° from the transverse direction. 

6. The optical circulator of claim 1 wherein the first length of the first 
birefnngent material is sufficient to ensure that the first optical path is separated from the 
second optical path at the first birefringent material. 

7. The optical circulator of claim 1 wherein the second length of the third 
birefrmgent material is sufficient to ensure that the first optical path is separated from the 
second optical path at the third birefringent material. 

8. The optical circulator of claim 1 wherein the optical signal is capable of being 
decomposed into a first portion having a first polarization and a second portion having a 
second polarization and wherein the second birefringent materia, allows the first polarization 
state to be transmitted undetected and the second polarization state to be transmitted with 
after being walked off by a first distance. 
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The optical emulator of claim 1 wherein the first port further includes a first 
fiber, the second port inc.udes a second fiber, and the third port tncludes a third fiber. 

10 . The opttcal crculator of claim < further comprising a first collimator coupled 
,o the first port and the third port, the firs, co.ltmator including a C-lens or a GRIN lens 

U. The optical circulator of claim 10 further compristng a second collimator 
coupled to the second port, the second collimator including a C-lens or a GRIN lens. 

12. An optical circulator comprising: 
a first port; 

a second port opposite to the first port; 
a third port adjacent to the first port; 

means for establishing a firs, op.tcal path and a second optical pa.h, .he firs, optical 
path from the firs, port ,o .he second port, the second optica, path from ,he second port to .he 
ted port such tha, when an optical signal ts ,npu, a, fhe first port the optica, signal .ravels 
along .he firs, optical path ,o the second port and when the optical signal is input to the 
second port ,he optical signal .ravels along the second optica, pa,h ,o the third port, ,he 
optical path establishing means including 

a firs, birefnngen. material optically coupled ,o .he firs, port and fhe third port, the 
firs, birefringen, materia, having a longitudinal axis, a transverse direction perpendicular to 
the longttitdina. axis, a firs, displacement direction and a firs, length, the firs, displacement 
direction being a. a first oblique angle from the transverse direction; 
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a second birefnngen, matena,, thelfirs, birefnngen, ma.enal betng be.ween the firs, 
p„n and the second birefnngen. materia., .he second btrefringen. matenal having .he 
, 0 „g, lu di„a, axts and a second dtsplacemen, direction, the second d.spiacemen, d,rcc„o„ 
being perpendicular to the longitudinal axis, 

a third btrefringen. matena,, the second birefnngen, matenal be.ng between the firs, 
btrefringen. material and the third birefnngen. materia., the third btrefnngen, materia, 
having the .ongitudina. ax,s, the ti_ directton perpendicular to the .ongttudina. axts. a 
th ,rd displacement direction and a second length, the third dtsplacemen, dtrection betng a, a 
second oblique angle from the transverse direction. 

13 . A method utilizing an optical circulator, the optical ctrculator tncluding a firs, 
port, a second port and a thtrd port adjacent to the firs, port, the method compnsing the steps 
of: 

,a) inputting ,he optical stgnal to a firs, port or a second port opposite to the firs, 

port; 

(b) transmitting the optical signal through a means for establishing a firs, optica. 
pa,h and a second optica, pa.h such ,ha, when an optica, signal is tnpu, a, the firs, por, ,he 
optica, stgna, .ravels along the firs, optica, path to the second pon and when the optica, 
signa. is input ,0 the second port the optical stgna. travels along the second optical path .0 
,he thtrd port, the firs, optical pa.h from the firs, port ,0 ,he second port, ,he second optical 
path from ,he second port ,0 ,he ,hird port, the optica, path establishing means inducing a 
first birefringen. materia, optica,,, coupled ,0 the firs, port and the >htrd port, the firs, 
btrefnngen, ma.eria, having a iongitudinal ax.s, a transverse direction P erpendicu,ar ,0 the 
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lons ;, ud ,nal ax,s, a f,r, dtsplacemen, Arection and a firs, length, .he firs, displacement 
duection bang a. a firs. obl„ue angle from the transverse direction, a firs, rotator pan, the 
firs, btrefringen, ntatena, being between fits, rotator patr and the firs, port, the firs, rotator 
pan mc.udes a firs, rotator and a second rotator, the firs, rotator rota.tng a polanzatton of an 
opuea, signal in a firs, direction, ,he second ro,a,or ro,a,i„g ,he po.ariza.ion of the optica, 
signa. ,n a second dtrection opposrte ,o the firs, direction, a second birefrtngen. material, the 
first ro,a«o, pair betng between the firs, birefringen. material and the second birefrtngen. 
materia., the second birefrtngen, material having ,he longitudinal axis and a second 
displacemen, direction, the second displaced, direction betng perpendtcular to the 
.ongttudina, axts, a second rotator patr, the second birefrtngen. ma.erial betng between the 
firs, ro,a«or pair and .he second r„,a,or pair, .he second ro.aror pair including a .bird ro.a.or 
and a four* rola.or, ,he third rotator rotating the polanzatton of the optical signal in the 
second dtrection, the fourth rotator rotating the polarization of the optical stgnal in the firs, 
direction, and a ,htrd bireftrngen, material, the third birefringen, ntatenal having the 
longttudinal axis, me .ransverse dtrection perpendicular to the longitudtnal ax.s, a third 
dtsplacemen, direction and a second length, the third displacement direction being a, a 
second oblique angle from the transverse direction. 

,4. The method circulator of claim 13 wherein the transmitting step (b) further 
includes the step of: 

(bl ) transmitting the optical signal .hrough a polarization beam deflector for 
altering a direction of the firs, optical pa,h and ,he second optica, path, the po.arization bean, 
defiector being loca.ed be,wee„ .he firs. r„,a,or patr and the second birefringen, ma.enal; 
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15 The method of claim 14 wherein the firs, rotator further includes a firs, 
,a,ch,„ g type g arne, component, the second rotator mdudes a second latching type gantcl 
component, the th.rd rotator further inch*, a th.rd ,a,ch,n g type garnet component and the 
fourth rotator mcludes a fourth ,a,ch,n g type g ame, component, the firs, ,a,c,n g type g anre, 
component ro,a,,n g the po,art Z a,,„n of the optica, s ig na, by 45* in the firs, d.recfio, the 
second ,a,chin g type game, component rota,,n g the polartzatton of the opt.ca, s, g na, by 4, 
iB the second directto, the third la,chi„ g type game, component r„ta,in g the po.arizat.on of 

rotatmg the polarization of the optical signal by 45" m the firs, directton. 

, 6 . The method of clatm 13 wherein the firs, and second obhque angles are each 

45° from the transverse direction. 

17 The method of claim 13 wherein the first length of the firs, birefrin g en« 

path at the first birefringent material. 

, 8 The method of claim . 3 where.n the second length of the thtrd btrefnngen, 

path at the third birefringent material. 

,9. The method of claim 13 wherein the optical signal is capable of being 
decomposed into a first port.on having a firs, polanzation and a second portion havmg a 
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second polarization and wherein the second b.refringent material allows the first polarization 
state to be transmitted undefiected and the second polarization state to be transmitted with 
after being walked off by a first distance. 

20. The method of claim 13 wherein the first port further includes a first fiber, the 
second port includes a second fiber, and the third port includes a third fiber. 

21. The method of claim 13 further comprising a first collimator coupled to the 
first port and the third port, the first collimator including a C-lens or a GRIN lens. 

22. The method of claim 13 further comprising a second collimator coupled to 
the second port, the second collimator including a C-lens or a GRIN lens. 
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